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MICIE CEPIIEBOI KOMIT’IOTEPHOI TOMOTI PA®II

B IIEPEJOIIEPALIITHOMY ILJIAHYBAHHI PO3IIIMPEHOI
CEINTAJIBHOI MIEKTOMII ¥ ITAIIIEHTIB 3 OBCTPYKTUBHOIO
®OPMOIO TI'IIIEPTPO®IYHOI KAPTIOMIOIIATII

NepepymoBa. linepTtpodiuHa kapaiomionatis (TKMM) — HaiinowupeHiwa reHeTU4HO 0OyMOBNEHA KapaioMmionaris.
Po3wwupeHa centanbHa miektomia (PCM) € ogHUM 3 NpiopuUTETHUX METOLIB NiKyBaHHA MeJMKaMeHTO3HO-pedpakTep-
HOT 06cTpykTMBHOT TKMIN. 33 ocTaHHi poKku rocnitanbHa feTanbHiCTb NpU XipypriuHiii Kopekuii o6cTpykTuBHOi TKMI
B €KCNepTHUX LeHTpax He nepeBuuye 1-2 %. [poTe TMNOBI 3arpo3nnBi yCKNALHEHHA cenTanbHOi MieKTOMiT, AK ATpo-
reHHUin pgedekt mixwnyHoukosoi nepetuHku (OMLLUM) Ta po3pue nepeaHboi abo 3aAHbOT CTIHOK JIIBOTO W/YHOYKA
(JILL), 3annwatoTbCs akTyanbHUM nuTaHHAM Xipyprii TKMII.
Mera. lMoka3aTtu ponb nepegonepauinHoro KT-nnaHyBaHHA Oif NPOrHO3YBAHHA 1 3MEHLWEHHS MOXJINBUX TEXHIYHUX
npobnem, NoB’A3aHNX 3 PO3LWMPEHOID CENTANLHOK MieKTOMi€El, 30KpeMa sTporeHHoro JAMLL.
Metoau Ta marepianu. [laHe [OCNiAKEHHA BKAOYaNo 217 cMMNTOMATUYHUX MALiEHTIB 3 0OCTPYKTUBHOK OpMOKO
TKMI, sikum 3 kBiTHA 2016 p. no oBTeHb 2019 p., AK OAMH 3 eTaniB nepefonepalinHoro nnaHysaHHs go PCM, 6yno
BMKOHaHO Komn'toTepHy Tomorpadito (KT) cepus. Cepuesy KT npoBoguau ans Toro, Wob oKpecauTu KOHTyp Miokapaa
nigoro wnyHouka (JILL), ouinuti po3nogin rineptpodii Ta HasBHiCcTb KpunT. Oco6NAMBY yBary NpuUAINAIM aHatTomii
miTpanbHoro knanaHa (MK) i nigknanavHoro anapaty. [poxifHicTb KOpOHapHWUX apTepiil OLiHIOBaNN 3a CUCTEMOLO
CAD-RADS - cTaHzapT®30BaHOIo MeTOAyY L1 MOBifOMAEHHA pe3ynbTaTiB KopoHapHoi KT-aHriorpadii 3 meTolo BU3HA-
YEHHS TAKTUKM LWOJ0 NOLANbLIONO BeJeHHA NnaLieHTa.
Pe3ynbratn Ta 06roBopeHHA. B gocnifxysaHiit rpyni cepeaHiii Bik nauieHTie ctaHoBuB (49 + 15) pokiB, 48 % — yo-
NOBiKW. YCi NauieHTU Manum CMMNTOMATUYHY MeAMKAMeHTO3HO-pedpakTepHy 06CTpykTUBHY dopmy TKMM. CepeaHs
MaKCMMabHa TOBLYMHA MIXWayHO4KOBOT nepeTuHku (MLUTM) ctanoBuna (20 £ 5) mm (gianazoH 16-33). CepepHiit no-
ka3Huk macu JILL ctaHoBuB (118 + 23) r/m?. 195 nauieHTis (89,9 %) Manu cucToniyHe NifTAryBaHHA NEPefHbOT CTyN-
kn MK po MLLUM. Y 62 nauieHTiB (28,6 %) 6ynu BUABNEHi 3MiHM aHaToMii nigknanaHHoro anapaty MK. Y 7 nauieHTiB
(0,3 %) nicns npouenypu ankoronbHoi centanbHoi abnsauii (ACA) i3 3anMWKOBMM CUCTONTYHUM TPALIEHTOM TUCKY
(CIT) Ha BuxigHOMy TpakTi niBoro wnyHouka (BTJIW) 6yno BusBneHo 30Hy pybutoBaHHsA i perpecyBaHHs MLLUIM. Y 32
nauieHTiB (14,7 %) 6yno BUABNEHO aTePOCKIEPOTUYHI 3MiHW 3 BOKY KOPOHApHUX apTepiil.
BucHoBKwu. lepeponepauiitHe nnaHyBaHHA cenTanbHOT MiekToMiT 3a gonomoroto KT fo3sonse oTpumatu iHdhopmauito
woao mopdonorii JIL, mixwnyHoukoBoi nepeturku, MK i nigknanaHHoro anapary, Ta Hagae xipypry nepesary ccop-
MyBaTKU GiNbW TOYHWI MAAH CTOCOBHO MicLiA Ta CTYNeHA CenTanbHOi pe3eKlii, a TaKOX [A€ 3MOTy YHUKHYTU YCKNaa-
HEHb NPU BUKOHAHHI KopekLii 06cTpykTBHOT TKMI1. Y oaHoro 3 nauieHTiB 3 focniaKyBaHoi rpynu He 6yno sBussne-
HO AaTporeHHoro AMLLUM.
KniouoBi cnoBa: rineptpodiyHa kapaiomionaris, Komn'loTepHa ToMorpadis, nepefonepauiiiHe nnaHyBaHHs, po3wWu-
peHa cenTaibHa MieKTOMis.
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THE PLACE OF CARDIAC COMPUTED TOMOGRAPHY IN
PREOPERATIVE PLANNING OF EXTENDED SEPTAL MYECTOMY
IN PATIENTS WITH OBSTRUCTIVE FORM OF HYPERTROPHIC
CARDIOMYOMATHY

Background. Hypertrophic cardiomyopathy (HCM) is the most common genetic cardiomyopathy. Extended septal
myectomy ( ESM) is one of the priority methods of treatment of drug-refractory obstructive HCM. In recent years,
hospital mortality during surgical correction of obstructive HCM in expert centers does not exceed 1-2 %. However,
typical threatening complications of septal myectomy, such as iatrogenic ventricular septal defect (VSD) and rup-
ture of the anterior or posterior walls of the left ventricle (LV), remain a topical issue in surgery of HCM.
Objective: to show the role of preoperative CT-planning to predict and reduce possible technical problems associ-
ated with ESM, including iatrogenic VSD.
Methods and materials. This study includes 217 symptomatic patients with obstructive HCM, who from April 2016
to October 2019 as one of the steps of preoperative planning underwent cardiac CT prior to ESM. Cardiac CT was per-
formed to delineate the left ventricular myocardium, assess the distribution of hypertrophy and the presence of
crypts. Special attention was also paid to the anatomy of the mitral valve (MV) and subvalvular apparatus. Coronary
artery patency was assessed by CAD-RADS, a standardized method for reporting the results of coronary CT angiogra-
phy to determine tactics for further management of the patient.
Results and discussion. In the study group, the average age of patients was (49 + 15) years, 48 % — men. All patients
had a symptomatic, drug-refractory obstructive form of HCM. The mean maximum wall thickness of the interventric-
ular septum (IVS) was (20 + 5) mm (range 16-33). The average LV mass was (118 + 23) g/m?. 195 patients (89.9 %)
had systolic anterior motion ( SAM) of the MV. MV and subvalvular apparatus anomalies were detected in 62 patients
(28.6 %). A zone of scarring and regression of IVS after alcohol septal ablation (ASA) was detected in 7 patients
(0.3 %) with residual LV outflow gradient. Coronary arteries atherosclerosis was detected in 32 patients (14.7 %).
Conclusions. Preoperative CT-planning of septal myectomy allows to obtain information on morphology of the LV,
IVS, MV and subvalvular apparatus, and gives the surgeon the advantage to form a more accurate plan for the loca-
tion and volume of septal resection, and avoid complications when correcting obstructive HCM. No iatrogenic VSD
was detected in any of the patient in the study group.
Key words: hypertrophic cardiomyopathy, computed tomography, preoperative planning, extended septal myectomy.
Problems of Radiation Medicine and Radiobiology. 2020;25:592-606. doi: 10.33145/2304-8336-2020-25-592-606

BCTYII INTRODUCTION

lneprpodiuna kapmiomionartiss (FTKMII) — maitmommpe-  Hypertrophic cardiomyopathy (HCM) is the most
Hillla TeHeTUYHO OOyMOBJIeHa KapaioMiomnarisd. Posimmpe-  common genetically determined cardiomyopathy.
Ha cenTajibHa MiekToMist (PCM) € onnumM 3 npioputetHux  Extended septal myectomy ( ESM) is one of the
METOIB JIIKyBaHHS MeIMKaMEHTO3HO-pedpakTepHoi  priority methods of treatment of drug-refractory
ooctpyktBHOI  KMII. PCM cnipusie 3menmenHio rpami-  obstructive HCM. ESM helps to reduce the gradi-
€HTa Ha BUXiZHOMY TpakTi jgiBoro nuryHouka (BTJIL), ent in the left ventricular outflow tract (LVOT),
3MEHIIYE perypritauiro Ha MitpaiabHoMy KiaanaHi (MK),  reduces regurgitation on the mitral valve (MV),
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MOJIETIIYE CUMIITOMU CEpLIEBOI HEIOCTATHOCTI, 30LIbIIYE
BIDKMBAHICTh Y MAL€EHTIB i3 OOCTPYKTUBHOIO (POpMOIO
I'KMII [1-8]. I1poTte (peHOTHIIOBA TOJTIIMOPDHICTE, BUCO-
Ka BapiabeNIbHICTh MOIIMPEeHHS rinepTpodii, 3MiHN 3 OOKY
MK Ta itoro nigknananHoro anapaty npu ' KMII, pooisth
PCM oco0611B0 cK1agHUM 3aBIAaHHSIM JJ1s Xipypra [9].
J1J1s1 OLIIHKM aHATOMIYHUX OCOOJIMBOCTEM OyIOBU JIiBOTO
nuryHouka (JIHT), MK i migkianaHHoro anapary, TiaHy-
BaHHS CTYMEHSI Mi€KTOMii y TAlli€EHTIB 3 OOCTPYKTUBHOIO
dopmoro I'KMII, B Hatomy XipypriyHoMy LEHTPi MU py-
TUHHO BUKOPUCTOBYEMO CEpLIEBY KOMIT'IOTEPHY TOMO-
rpagito (KT) Ta MarHiTHo-pe3oHaHCHY Tomorpadiio
(MPT) cepus 3aBAsIKM BUCOKIll MPOCTOPOBIN PO3MiIbHIl
3natHOcTi. MPT ceplist 103BoJIsIE OTpUMATU AETAJIbHY iH-
¢opmaiiiro mpo cepiieBy MOpdOJIoTifo, (GYHKIIO MITYHOU-
KiB i TKAHMHHI XapaKTepUCTUKU MioKapjaa, B TOMY YHCIi
ineHTUdiIKyBaTH Ta OLIIHUTHU CTYIiHb (PiOpo3y. Y BUTIAAKY
HAsIBHOCTI y TAalliEHTa MPOTUIIOKA3aHb 0 3aCTOCYBaHHS
MPT Ta/abo mist omHOeTarHOi oliHKK aHaTomii JILLI, mpo-
XiTHOCTi Ta aHATOMii KOPOHAPHUX apTepiil MpY BUKOHAHHI
nepegorepaliifHoro raHyBaHHs MeTogoM Bubopy € KT.
HaHe pocnimkeHHs onucye nepeponepauiine KT-
MJaHyBaHHS CeNTaJibHOT MieKToMil Ta BimoOpaxae
KJIiHIYHi pe3yJbTaTh XipypTiyHOTO BTPyYaHHS y TOCHTi-
JTOBHilt Koropti 3 217 mauieHTiB 3 00CTPYKTUBHOIO (hOp-
moro I'KMII, ki nepeHecau cenTalbHy Mi€KTOMilO0 Ha
0aszi /1Y «HauioHanbHuii IHCTUTYT ceplieBO-CYAUHHOI
xipyprii imeHi M.M. AMocoBa HAMH VYkpainu».

META

MeToro HallloTo JOCIiIXKEHHSI OyJI0 MOKa3aTu poJib Iiepe-
nonepauiitHoro KT-raHyBaHHSI UIsl MPOrHO3YBaHHS i
3MEHIIEHHST MOXJIUBUX TEXHIYHUX ITPO0JIeM, TTOB SI3aHNX
3 PO3IIMPEHOIO CENTAIBHOIO MiEKTOMI€I0, 30KpeMa SITPO-
TeHHOTO Ae(PeKTY MIKIIUTYHOUKOBOI nepeThHKY (JIMLLIT).

MATEPIAJIM 1 METOIN
HaHe gocaimkeHHs BKoYaio 217 CMMIITOMaTUYHMX Oalli-
€HTIB 3 00CcTpyKTUBHOIO (popMoto 'KMII, gakum 3 KBiTHS
2016 p. 1o >xoBTeHb 2019 p. K OAMH 3 €TaIliB Iepeaorie-
pauiiiHoro ranyBaHHs 10 PCM 6yno BukoHaHo KT cepuiis.
VYV KOXHOro 3 LUX MaLi€HTIB CIOCTEPIraBcsl CUCTOJIUHMIA
rpamieHT TicKy (CI'T) ra BTJILL > 50 MM pT. CT. y CITOKOI1
a00 3 (pizioIoriyHOI0 MTPOBOKALIIEIO i BiAMIUAIMCS CUMIITO-
MM CeplIeBOl HEIOCTATHOCTI, SIKi He 3HUKAJIM, TTOIIPH MaK-
CUMAaJTbHO JOMYCTHMi 1031 MEAMKAMEHTO3HOI Tepalrtii.
BigmosimHo 10 pekoMeHmariit €Bporeiickoro ToBapmcT-
Ba KapmiosoriB, miarHo3 'KMII BcTaHoBmoBanu 3a HasiB-
HOCTIi TOBILIMHY CTiHKH JIiBOTO 1iayHouka (JIIT) > 15 mm B
ofHOMY a00 Oiblii KijibkocTi cermeHTiB JIII y nopociaux
i 30i1bLIEHHST TOBIUMHU CTiHKM JILII Ginbliie 1BoX cTaHOa-

relieves heart failure symptoms, increases survival
in patients with obstructive HCM [1—8]. However,
phenotypic polymorphism, high variability in the
distribution of hypertrophy, changes of the MV
and subvalvular apparatus in HCM, make ESM a
particularly difficult task for the surgeon [9].

To assess the anatomical features of the structure
of the left ventricle (LV), MV and subvalvular
apparatus, planning the degree of myectomy in
patients with obstructive HCM, in our surgical
center we routinely use cardiac computed tomo-
graphy (CT) and cardiac magnetic resonance ima-
ging (MRI) due to high spatial resolution. Cardiac
MRI provides detailed information on cardiac
morphology, ventricular function and myocardial
tissue characteristics, including the identification
and assessment of the degree of fibrosis. If the
patient has contraindications to MRI and / or for
a one-step assessment of the LV anatomy, patency
and anatomy of the coronary arteries during pre-
operative planning, the method of choice is CT.

This study describes preoperative CT-planning
of septal myectomy and reflects the clinical results
of surgery in a sequential cohort of 217 patients
with obstructive HCM, who underwent septal my-
ectomy at Amosov National Institute of Cardio-
vascular Surgery of National Academy of Medical
Sciences of Ukraine.

OBJECTIVE

The aim of our study was to show the role of pre-
operative CT planning to predict and reduce pos-
sible technical problems associated with ESM,

including iatrogenic ventricular septal defect
(VSD).

MATERIALS AND METHODS

This study includes 217 symptomatic patients with
obstructive HCM, who as one of the step of preop-
erative planning for ESM underwent cardiac CT
from April 2016 to October 2019. In each of these
patients peak left ventricular (LV) outflow gradient
> 50 mm Hg at rest or with physiological provoca-
tion and symptoms of heart failure were observed,
which did not disappear, despite the maximum
dose of drug therapy.

According to the recommendations of the
European Society of Cardiology, the diagnosis of
HCM was established in the presence of LV wall
thickness > 15 mm in one or more LV segments in
adults and an increase in LV wall thickness of more
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PTHUX BiIXWJIeHb BiIHOCHO ITPOTHO30BAHOIO CEpPeaHLOIO
3HAUEHHS Y JITEH, BUSBIEHUX 3a TOMTOMOTOIO0 OYIb-SKOTO
METOJy Bi3yasi3allii, 3a BiICYTHOCTi iHIIOI KapAiaJlbHOI YU
CHUCTEMHOI TIaTOJIOTi1, sIKa MOrjIa OM OyTH MPUUMHOIO TinepT-
podii JILLL. ITpu exokapaiorpacdiuHiii AiarHOCTHIII BU3HAYA-
Jacs ooctpykuis BTJILI ta mitpanbHa perypritadis (MP).

CepueBy KT mpoBommim 3 METOIO OKpeCIeHHS KOH-
TypiB Miokapna JIII, nisa owinky po3nofiny rineprpodii
Ta HasgBHOCTI KpUIT. TaKoxX oCOOJIMBY yBary NpUAUISIN
anaromii MK i minknananHoro anapaty. KT cepus 103B0-
JISIE OLIIHUTU 30HY HEKPO3y MioKapia, BUKIMKAHOIO aj-
KOTOJIbHOIO cenTajbHOlo abisuiero (ACA), a Takox
Micue pyoOuroBaHHS Ta perpecyBaHHs macu JILI micis
3a3HaYCHOI IIPOLIEAYPH.

Vci nauieHTr 6y NOBHICTIO MOiH(OPMOBaHI PO MpU-
POy Ta PU3UKU CBOTO CTaHY, MOXJIMBI IiarHOCTUYHI Ta
JIIKyBaJIbHi 3aX0AH, B TOMY YMCJIi XipypriyHy MPOLEaypY, i
I MMIMCBMOBY iH(OpPMOBaHY 3rofy Iepe IIPOBEICHHSIM
TOCJTiI>KEHHSI.

JocmimKeHHsT KOXHOro IMalieHTa OyJio BUKOHAHO Ha
640-3pizoBomy KT ckanepi (Aquilion One, Toshiba
Medical Systems) 3 BUKOPUCTAHHSIM IPOCHEKTHUBHOIL
eJIeKTpoKapaiorpadiyHoi CUHXPOHI3aIii 3 MOIYJISIIE0
TpyOKM, TOBIIMHOIO 3pi3y 0,5 MM, TIpu BHYTPIillTHbOBEH-
HOMY OOJIIOCHOMY BBEI€HHI KOHTPACTHOI pPEYOBUHU
(Omnipack 350, GI Helske AS, Ireland; Tomorexkcou 350,
dapmak, Ykpaina) B 06’emi 70—100 mur 3i LIBMAKICTIO
5—6 MJ1/ceK i 3 HACTYITHUM JOJaTKOBMM OOJIIOCHMM BBE-
neHHsIM 0,9 % po3unHy XJI0puay HaTpilo B 06’eMi 50 mit.
OO0c4r mocniakeHHs1 O0yB oOMexXeHul Bia OidypKaliii Tpa-
Xei 1o giadpparMaiabHOI TTOBepXHi cepus. [lapameTpu cka-
HyBaHH# Oynu TakuMu: 100—120 kB, 350 MA, IIBUIKICTB
obepraHHs Tpyoku 0,35 cek.

Yci pgocnimkeHHsT Oyayd mepenaHi Ha poOody CTaHLIiIO
(Vitrea Software) 11t TOgaNBIIOI OLIIHKY TPYITOI0 PEHTTEHO-
JoriB. [IpoBeaeHO PeKOHCTPYKIIiIO 3 alroputMamu volume
rendering (MeTon 00’eMHOI Bidyauizallil), maximum intensity
projection (IIpoeKLlil MaKCUMAaJIbHOI iHTEHCUBHOCTI), multi-
planar volume reformation (MyJnbBTUIUIAHApDHA PEKOH-
CTPYKLis), curved multiplanar volume reformation (MyJnbTUTI-
JJaHapHa KpUBOJTiHiliHAa PEKOHCTPYKILisT).

Y KOXXHOTrO nali€eHTa BUMiploBaau TOBLLIMHY MIEPEIHBOTO,
MePEIHBONIEPETUHKOBOIO, 3aIHBOIIEPETUHKOBOTO i 3aIHb-
Oro CerMeHTa JIiBOro IIJTyHOUYKa 10 KOPOTKiil oci. BpaxoBy-
oun, mo npu PCM BUKOPUCTOBYETHCS TpaHCAOPTATIbHUIA
IOCTYH, IIOYAaTKOBa TOYKA, Bil SKOI pO3IMOYMHAIOCH
BUMIipIOBAaHHSI TOBLLIMHU BUIIE3a3HAYEHUX CEIMEHTIB, OyJia
BU3HAUYeHA y TpPUKaAMEpHiil MO3MlIil Mo MOBTiii oci Ha
BigcTaHi 8 MM Bin Kiblg aopTanbHoro kiamnaHa (AK). Io-
Jajblli BUMipIOBaHHS MTPOBOAWIM 3 KPOKOM 8 MM Bif MO-
yaTKoBOi ToukuM (6asampHmii piBeHn JILL) mo piBHS

than two standard deviations greater than the pre-
dicted mean in children, detected by any imaging
modality, in the absence of other cardiac or systemic
pathology that could be the cause of left ventricular
hypertrophy. Echocardiographic diagnosis revealed
LV outflow gradient and MV regurgitation (MR).

Cardiac CT was performed to delineate LV myo-
cardial contours to assess the distribution of hyper-
trophy and the presence of crypts. Special attention
was also paid to the anatomy of the MV and the sub-
valvular apparatus. CT of the heart allows you to
assess the area of myocardial necrosis caused by alco-
hol septal ablation (ASA), as well as the site of scar-
ring and regression of LV mass after this procedure.

All patients were fully informed of the nature
and risks of their condition, possible diagnos-
tic and treatment options, including surgery,
and gave written informed consent prior to the
study.

The study of each patient was performed on a
640-slice CT scanner (Aquilion One, Toshiba
Medical Systems) using prospective electrocardio-
graphic synchronization with tube modulation, a
slice thickness of 0.5 mm, with intravenous bolus
injection of contrast agent (Omnipack 350, GI
Helske; Tomohexol 350, Farmak, Ukraine) in a
volume of 70—100 ml at a rate of 5—6 ml/sec and
followed by an additional bolus injection of 0.9 %
sodium chloride solution in a volume of 50 ml. The
scope of the study was limited from the bifurcation
of the trachea to the diaphragmatic surface of the
heart. The scanning parameters were as follows:
100—120 kV, 350 mA, tube rotation speed 0.35 sec.

All studies were transferred to a workstation
(Vitrea Software) for evaluation by a team of
radiologists. Reconstruction with algorithms
of volume rendering, maximum intensity pro-
jection, multiplanar volume reformation and
curved multiplanar volume reformation were
carried out.

The thickness of the anterior, anteroseptal, pos-
teroseptal and posterior segments of the left ventri-
cle the was measured in a 2-chamber short axis view
in each patient. As during the ESM transaortic
access is used, the starting point from which the
measurement of the thickness of the above men-
tioned segments began, was determined in a three-
chamber long axis view, at a distance of § mm from
the aortic valve ( AV) ring. Subsequent measure-
ments were performed in 8 mm increments from
the starting point (basal level of the LV) to the pa-
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naniisgpaux M’s3iB (IIM) (cepennnuuii pisens JIII) 3
METOI0 PEKOHCTPYKIIil po3rofaiy rineprpodii Ha pi3HUX
piBHsix JIIII. TakoxX mpoBOAMIM BUMIPIOBAaHHSI TOBXUHU
JILI y TpukamMepHiii 1o3uliii o JOBriit oci: po3paxoByBa-
Jm BiacTaHb Big Kiabusg AK po Bepxisku JII (puc. 1). Ie-
peadauyBaHy MPOTSKHICTB pe3ekiiil mig yac PCM Bu3Ha-
YaJgnl SIK CyMY KiJIbBKOCTi MOCIIZOBHO TinepTpodoBaHMX
cermeHTiB JIILI, BUMipgHMX KOXHi 8 MM Ha BiICTaHi Bif
AK. Tlig yac XipypriyHoro BTpydyaHHsI OTpMMaHi JaHi BilT
netangbHoro aHajizy KT cTOCOBHO MOLIMpPeHHS TinmepT-
poii Oy BUKOpHUCTaHi K KEPiBHUIITBO JIJIsT 3MEHIIICHHS
TOBIIMHU II€PETOPOAKM B KOXHOMY CEIMEHTi IIpo-
MOPLIHO OTO TOBIIMHI Ta MPOBEACHHS MieKTOMIl.
Oco06auBy yBary OpuIisiiM HasIBHOCTI KpUNOT Ha
pizHux piBHsx JILI, 110 ouiHOBAIUCh HA MOCTITOBHUX
3pizax JIL nmo KopoTKiii oci, 11100 3MEHILIUTA PU3UK BU-
HUKHEHHSI iHTpaonepawliiiHOro STPOreHHOro aedekTy
MiXKIIJTYHOYKOBOI MepeTUHKU. KpunTu BH3HAYaIu K
OJHY a00 AeKilbKa BY3bKMX i INIMOOKHX, BUIIOBHEHUX
KpOB’I0 iHBariHauliii y KOMIaKTHili 4acTWMHiI Miokapjaa
(rmuGuHa mowmnpeHHs B Miokapa > 30 % iforo TOBILM-

pillary muscle (PM) level (middle level of the LV) to
reconstruct the distribution of hypertrophy at differ-
ent LV levels. The length of the left ventricle was also
measured in a three-chamber long axis view: the dis-
tance from the AV ring to the left ventricle apex was
calculated (Fig. 1). The estimated length of resection
during ESM was defined as the sum of the number of
consecutive hypertrophied LV segments measured
every 8 mm at a distance from the AV. During surgery,
data from a detailed analysis of CT on the prevalence
of hypertrophy was used as a guide for septal myecto-
my and to reduce the thickness of the septum in each
segment in proportion to its thickness.

Particular attention was paid to the presence
of crypts at different LV levels, which were
assessed on successive slices of LV along the
short axis to reduce the risk of intraoperative
iatrogenic VSD. Crypts were defined as one or
more narrow and deep, blood-filled invagina-
tions in the compact part of the myocardium
contiguous with LV cavity (depth of distribution

PucyHoK 1. MynbtunnaHnapHa KT-peKoHCTpyK-
uia (nepeponepauiiiHe nnaHyBaHHA)
BumiptotoTbcsa BigcTaHb Big kinbus AK 0O BepXiBKU
NiBOro LWIYHOYKA Y TPMKaMepHin no3uuii (A) i TOBLLN-
Ha JILL Ta MLUI Ha BiacTaHi KOXHUX 8 MM Bif, KifbLisi
aopTasIbHOro KjanaHa no KOpPOTKIi OCi Mifg 4ac KiHuA
aiactonu B nepegHbLoMy, NeperopoakoBUX i HUKHbO-
My cermeHTax Big 6a3anbHOro 4o cepeanHHOro pPiBHS
N (B-=F).

Figure 1. Multiplanar CT reconstruction (pre-
operative planning)

The distance from the AV ring to the LV apex in the
three-chamber view (A) and the thickness of the LV
and IVS are measured at a distance of 8 mm from the
AV ring of anterior, septal and inferior segments from
the basal to the middle LV level on the short axis view

at the end of diastole (B-F).
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Vitrea®
Zoom:185%
Phase %040
W/L:200/1150

Segmented

5 of 11

VR: Heart and LV

LAO108 CRAG0

LAO89 CRAG9

PuUcyHoK 2. 06'emHa Bisyani-
3auia nopoxxHuuu JIll y nauiex-
Ta 3 06CTPYKTUBHOW ¢hOopMOI0
FKMN B aiactony (npaBopyy) i B
cucrony (nisopyu)

CwucTtoniyHa obniTepalis NOPOXHUHN
JILLl Ha Me30BEHTPUKYISAPHOMY PiBHi.

Figure 2. Volume rendering of
the LV cavity in a patient with
obstructive HCM in diastole

(right) and systole (left)
MR Systolic obliteration of the LV cavity

VR: Heart and LY . .
at the mesoventricular level is noted.

Vitrea®
Zoom:185%
Phase %000

HU), 110 Oe3nocepeIHbO KOHTAKTYIOTh 3 TTOPOKHUHOIO
JII, BusSIBIEHUX HA PEKOHCTPYMOBAHUX 300paKeHHSIX
JIII o xopoTkiit oci B KiHLi giacTonu [11].

Ilin yac BUKOHaHHS (PYHKIIOHAJIBLHOTO aHali3y BU3-
HavyajJy HasBHICTh CHUCTOJIYHOTO INATSITYBAaHHS IIC-
penaboi ctynku MK (SAM) 10 MiXIIIZTYHOYKOBOI TTepe-
ropoaku (MIIIT), enonrariito crynok MK, Oyau mpose-
JIeHi po3paxyHKM Macu MioKapjaa, KiHIEeBO-IiaCTOdiu-
HOTO, KiHLIeBO-cUcTOiYHOTro 00’emiB JIII Ta Bimmosia-
HUX iHIEKCIiB BiTHOCHO TIJIOIII MOBEpXHi Tina, (ppakiii
Bukuay (puc. 2). IlpoBoanian Takox BUMipIOBaHHS PO3-
MipiB AK, mepenHb03aHBOIO PO3Mipy JiBOro nepeacep-
ISl B KiHIIi CUCTOJIM IIUTYHOUKIB, OLiHIOBaJIM aHATOMi4yHi
ocobnmBocti MK i migkianaHHoro anaparty. ¥ OUTSYii
IpyTIi JOAATKOBO MPOBOIMIN PO3PAXYHKU KiHLIEBO-Iiac-
TOJIIYHOI'O, KiHLEBO-CHUCTOJIYHOIO 00’€MiB MpaBoOro
LIJTyHOYKA i BiAITOBIAHUX iHAEKCIB.

IIpoxigHicTh KOpOHAPHUX apTepiit OLliIHIOBAIU 3a CUC-
temoio CAD-RADS — cTtaHmapTU30BaHOTO METOIY IJIst
MOBiTOMJIEHHST pe3yabTaTiB KopoHapHoi KT-aHrior-
padii 3 MeTOIO0 BUBHAYEHHSI TAKTUKHU IIOAO0 ITOAAJIBIIIOTO
BEICHHS Ialli€eHTa.

BigMmiHHOCTI MixX BelIMYMHAMU A0 Ta MIC/s omepallii
OLIiHIOBAJIM Ha CTATUCTUYHY 3HAUYILiCTh, BUKOPUCTOBY-
o4 napHuii Tect CThlofeHTa-f b0 KpUTEPiid Xi-KBaj-
pary. CHiBBiZHOIIIEHHSI MiXX 3MiHHMMM BW3Hayajlud 3a
JOTIOMOTOI0 JTiHIHHUX perpeciiHuX aHami3iB, MOBiTOM-
JISIIOUH PO KoedillieHTH perpecii Ta KoehillieHTH Kope-
Jauii IMipcona, p 3HayeHHs < 0,05 BBaXKanucsl cTaTUC-
TUYHO 3HAYYIIUMU. [IJ19 po3paxyHKy OTpMMaHMX JaHUX
BUKOPUCTOBYBAJIOCS CTaTUCTUYHE IIpOrpaMHe 3ade3re-
yeHHs1 MS Excel (Microsoft, Redmond, WA, USA).

PE3VYJIBTATU TA OBI'OBOPEHHS

B mocnimkyBaHiit rpymi cepenHill BiK TalliEHTIB CTAHOBUB
(49 £ 15) pokiB, 48 % — 4JonoBiku. Yci malieHTH Maau
CUMIITOMATUYHY MeIMKaMEeHTO3HO-pedpakTepHy 00-
crpyktuBHy dopmy 'KMII. Cepennst MmakcumanbHa TOB-

in the myocardium > 30 % of its thickness),
identified on the short axis images at end dias-
tole [11].

During the functional analysis, the presence of
systolic pulling of the anterior leaflet of MV
(SAM) to the IVS, elongation of the MV leaflets
were identified, and myocardial mass, end-dias-
tolic, end-systolic LV volumes and the correspon-
ding indices relative to body surface area, ejection
fraction (EF) were calculated (Fig. 2). The size of
AV, anterior-posterior size of the left atrium (LA)
at the end of ventricular systole were also meas-
ured, and the anatomical features of the MV and
subvalvular apparatus were evaluated. In the pedi-
atric group, end-diastolic, end-systolic volumes of
right ventricle and corresponding indices were
additionally calculated.

Coronary artery patency was assessed by
CAD-RADS, a standardized method for
reporting coronary CT-angiography results to
determine tactics for further patient manage-
ment.

Differences between pre- and postoperative val-
ues were assessed for statistical significance using
the Student-f pair test or the chi-square test.
Relation between variables was determined by lin-
ear regression analyses, and regression coefficients
and Pearson correlation coefficients were report-
ed. p values < 0.05 were considered statistically sig-
nificant. MS Excel statistical software (Microsoft,
Redmond, WA, USA) was used to calculate the
obtained data.

RESULTS AND DISCUSSION

In the study group, the average age of patients was
(49 £ 15) years, 48 % — men. All patients had a symp-
tomatic drug-refractory obstructive form of HCM.
The average maximum wall thickness of the I'VS was
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myHa MITIT cranosuna (20 £ 5) mm (miamason 16—33).
Cepenniit mokazHuk Macu JIIII cranoBus (118 + 23) /Mm%
195 nauieHTiB (89,9 %) Manu CUCTONIYHE MiATATYBaHHS
nepenHoi ctynku MK no MIIIT (puc. 3). Y 62 naiieHTiB
(28,6 %) Gyau BUSIBJIEHI 3MiHM aHATOMII MigK/IalaHHOTO
amapaty MK (puc. 4). ¥ 7 nauienris (0,3 %) miciisa npo-
nenypu ACA i3 3ammmukosumM CI'T na BTJIL 6ymo BusiB-
JIeHO 30HY pyOLtoBaHHs i perpecyBanHsg MILII (puc. 5).

42 nauientu (19,3 %) manu 49 xpunrt Miokapaa, 9 3
SIKMX 3HaXOIMJIMCS Yy 30Hi IepeadadyyBaHOi XipypriuHoi
Kopekuii (puc. 6). ¥ 8 maiieHTiB 0yJ10 BUSBICHO IIOB-
HOKPOBHI CEMNTalbHi TUJIKU TepeaHbOT MiXKIIUTYHOUOKO-
BOI T'JIKM J1iBOI KOpOHApHOIi apTepii (puc. 7).

185 mawienTiB (85,2 %) mManu npoxiaHi KOPOHAPHI ap-
Tepii 0e3 o3HaK HassBHOCTI cTeHO3iB (CAD-RADS 0).
VY 32 nauientiB (14,7 %) Oy10 BUSBIEHO aTepPOCKIEPO-
TUYHI 3MiHU 3 OOKY KOpOHapHMX apTepiit, a came y 15
nauieHTiB (6,9 %) Oya0 BUSBICHO CTEHO3 KOPOHAPHOI
aprepii 3i ctyreHem 3ByxkeHHsa 1—24 % (CAD-RADS 1).

-

(20 £+ 5) mm (range 16—33). The average LV mass was
(118 £ 23) g/m?’ 195 patients (89.9 %) had systolic
pulling of the anterior leaflet of the MV to the IVS
(Fig. 3). In 62 patients (28.6 %) changes in the anato-
my of the subvalvular apparatus of the MV were
detected (Fig. 4). In 7 patients (0.3 %) after the ASA
procedure with residual LV outflow gradient, a zone
of scarring and regression of I'VS was detected (Fig. 5).

42 patients (19.3 %) had 49 myocardial crypts, 9
of which were in the area of the supposed surgical
correction (Fig. 6). Full-blooded septal branches
of the left anterior descending artery were found in
8 patients (Fig. 7).

185 patients (85.2 %) had patent coronary arteries
without signs of stenosis (CAD-RADS 0). Coro-
nary artery atherosclerotic changes were detected in
32 patients (14.7 %). Coronary artery stenosis with
a degree of narrowing of 1-24 % (CAD-RADS 1)
was detected in 15 patients (6.9 %). Coronary artery

PucyHok 3. KT-306paxkeHHA cepuA y TpMKamepHi no3uuii no
AOBri oci y nayieHTa 3 CMMeTPUYHOI OGCTPYKTUBHOIO ¢hopMoio
FKMI 3 heHOMEHOM cUCTONIYHOIO NiATATYBAHHA NEepPefHbOT CTYJIKU
MK (cTpinka) ao MLLMN

Figure 3. CT image of the heart in the three-chamber long axis
view in a patient with a symmetrical obstructive form of HCM with
the phenomenon of systolic pulling of the anterior leaflet of the
MV to the IVS

PUCYHOK 4. KT-306paxkeHHA y YoTUpMKaMepHiii no3uuii no poBriit oci (niBopyy) i ABokamepHii nosuuii no

KOpOTKiii oci (npaBopyu)

MauieHT 3 acumeTpuryHolo 06CcTpyKTUBHOI hopmoto TKMI Ta BpocTaHHaM nepeaHboi rpynuv MM B cermeHT P1 3aaHbOI CTYN-

kn MK (cTpinka).

Figure 4. CT image in four-chamber long axis view (left) and two-chamber short axis view (right)
Patient with asymmetric obstructive HCM and ingrowth of the anterior group of PM in the segment P1 of the posterior MV

leaflet (arrow).
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PUCYHOK 5. KT-306pakeHHA nayieHTa 3 acuMeTpuU4HOI0 06CcTpyKTMBHOIO hopmoto FTKMI y TpukamepHiii no3u-
uii no poBriit oci (niBopyy) i ABOKamepHii no3uuii no KopoTKiit oci (npasopyy) nicna ACA
Bisyanizyetbcs 3oHa $ibpo3sy (cTpinka).

Figure 5. CT image of a patient with an asymmetric obstructive form of HCM in the three-chamber long axis

view (left) and on the two-chamber short axis view (right) after the ASA
Area of fibrosis is visualized (arrow).

shos
9.0f 10 at 0.8 sec

PucyHoK 6. isokamepHe KT-306paxeHHs no poBrii (niBopyy) i no kopotkiit oci (npaBopyu)
Bizyanisyetbcs 3arnnbneHHs (CTpinka) B KOMMakTHOMY Miokapi y HUXHbOMEPeTUHKOBOMY CErMEHTI Ha cepeaHbOLLTYHOYKO-
BOMY PiBHi B KiHUj AjiacTonu (kpunTta) y naujeHta 3 o6¢cTpykTusHoto popmoto FKMI.

Figure 6. Two-chamber CT image on the long (left) and short axis view (right)
The recess (arrow) in the compact myocardium in the posteroseptal segment at the midventricular level at the end of diastole
(crypt) in a patient with obstructive form of HCM.

PUCYHOK 7. KT-306pakeHHA y ABOKaMepHii no3uuii no Ko-
POTKiit oci B naui€eHTa 3 acCMMeTpUYHOI0 0O6CTPYKTUBHOIO hop-
moto TKMN

BigyanidyeTbCs NOBHOKPOBHA NepLua cenTasbHa risika nepeaHboi
MiXLLTYHOYKOBOI Tifikn NiBOT KOPOHAPHOI apTepii (CTpinka).

Figure 7. CT image in the two-chamber short axis view in a

patient with an asymmetric obstructive HCM
The full-blooded first septal branch of the left anterior descending
artery (arrow).

shortaxis 3 50mm MIP
LAD
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Y 9 namientiB (4,1 %) ineHTHU}IKOBAHO CTEHO3 KOPO-
HapHUX apTepili 3i cryneHeM 3ByxKeHHs 25—49 % (CAD-
RADS 2). ¥ 2 nauienris (0,9 %) BinmiuaBcst CTEHO3 KO-
poHapHOi apTepii 3i cTymeHeM 3ByxXeHHs 50—69 %
(CAD-RADS 3). 6 nauieHTiB (2,7 %) Manu CTeHO3 KO-
poHapHoOi apTepii 3i crymeHeM 3ByxkeHHs 70—99 %
(CAD-RADS 4). Y onnoro nauienra (0,5 %) 0yno BusiB-
JICHO aHOMaJIbHE BiJIXOIK€HHSI OTMHAIOYOi TiJIKU JiBOi
KOpOHapHOi apTepii Bim MmpaBoro cuHyca BajgbcanibBu.
16 maunientiB (7,3 %) Manu MioKapAiaJlbHUII MiCTOK
(puc. 8). BimmosigHo, 8 mamientam (3,6 %) 3 rpymnu
CAD-RADS 3—4 6yn0 BUKOHAHO CeJIeKTUBHY KOpOHa-
porpadiro, e CTYIiHb 3BYXXKEHHSI KOPOHAPHUX apTepiil
OyJ1I0 MiATBEPAXKEHO.

InTpaonepauiitHo, micjst 3arajabHOl aHecTe3il MPOBO-
IUJIM TpaHce3odarealbHy exokapaiorpagdito (TEE) 3
METOI0 IMiATBEPIXKEHHSI 00CATY MieKTOMIi B amiKaJabHO-
MY HampsIMKY, a TaKoX ISl ouiHKM Mopdosorii MK i
HasIBHOCTi acoLiiioBaHMX MNepBUHHUX aHomaiii MK.
TEE noBTopioBanu B ornepauiiiHii Bigpasy X Iicis 3y-
MUHKU arnapaTy IITy4HOTO KPOBOOOITY I OLIHKU 3a-
JumkoBoro rpanieHta Ha BTJIII, ouiHKM TOBILIMHU
MIIITI, peryprirauii Ha aOpTaJbHOMY i MiTpaJIbHOMY KJla-
MaHax, a TaKoX JJISI BUSBJICHHS MOXJIMBUX XipyprivHUX
YCKJIaJHEHb, TaKUX SIK sATporeHHa repdopariis MIITI
abo KopoHapHa (icrya.

BukopucToByBanu cTaHAAPTHI OPIEHTUPU JJIsI BU3HA-
YEeHHS MMOYaTKOBOI TOYKHU pe3eKllii B mepeJHbOIIePETHH -
KOBOMY CErMeHTi. [JTMOMHYy MoYaTKOBOro po3pi3y Xipypr
OLIiHIOBAaB iHTpaoIepauiiiHo i, SKIIO BOHAa Oyjla MEH-
o0, Hix 3aruiaHoBaHa Ha KT, ii BinmoBigHO 30i1bl1iry-
Banu. Hapani, miekToMmilo miepenHbol Neperopoaky BU-

stenosis with a degree of narrowing of 25—49 %
(CAD-RADS 2) was identified in 9 patients (4.1 %).
Coronary artery stenosis with a degree of narrowing
of 50-69 % (CAD-RADS 3) was noted in 2 patients
(0.9 %). 6 patients (2.7 %) had coronary artery
stenosis with a degree of narrowing of 70—99 %
(CAD-RADS 4). In one patient (0.5 %) an anom-
alous origin of the left circumflex artery from the
right sinus of Valsalva was detected. 16 patients
(7.3 %) had myocardial bridge (Fig. 8). Accordingly,
8 patients (3.6 %) from the group CAD-RADS 3—4
underwent selective coronary angiography, where
the degree of narrowing of the coronary arteries was
confirmed.

Intraoperatively after general anesthesia, trans-
esophageal echocardiography (TEE) was per-
formed to confirm the extent of myectomy in the
apical direction, as well as to assess the morpholo-
gy of MV and the presence of associated primary
anomalies of MV. TEE was repeated in the operat-
ing room immediately after stopping the artificial
circulation device to assess the residual LV outflow
gradient, estimate the thickness of the I'VS, regur-
gitation on the aortic and mitral valves, and to
identify possible surgical complications such as
iatrogenic VSD or coronary artery fistula.

Standard reference points were used to deter-
mine the starting point of incision in the anterior
septum. The depth of the initial incision was
assessed by the surgeon intraoperatively and, if it
was less than planned on CT, it was increased
appropriately. Subsequently, the anterior septal

PuUcyHOK 8. MynbtunnaHapHa
KPUBONiHiNHA peKOHCTPYKUiA
KT-anriorpadii (A, B) Ta 06’em-
Ha Bisyani3auis (C)

Munboknin miokapaiansHuiA xig ce-
pefoHbOro cermMeHTa nepenHboi
MIKLLTYHOYKOBOI TifIKM NiBOI KOPO-
HapHOI apTepii Nig Yac KiHLEeBOI Ai-
acTonu.

Figure 8. Multiplanar curvi-
linear reconstruction of CT
angiography (A, B) and volume
rendering (C)

The deep myocardial course of the
middle segment of the left anterior

descending artery during end dias-
tole.
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KOHYBaJIU CYLITbBHUM M SI30BUM TsDXKeM (one-piece tech-
nique), 1oTpuUMylouuch nepeaonepauiiHoro miany KT.
V nauieHTiB, B skux 3a gonomMorot KT Oyno 3amnaHo-
BaHO Pe3eKlIilo M’sI3iB y JUCTAaJTbHOMY BiIdiji HUKHBOL
yactuHu MIIII, BUcideHHS eperopoaku Oya0 po3Iiu-
peHO 10 Li€l AiMSIHKM Ta 3HOBY 3aBeplUeHO LiIuM
«ILIMaTKOM», 3 Ti€10 K XipypriyHO METOAMKOIO, 1110 BU-
KOPHCTOBYETHCS IS TIePEIHbOI EPETOPOIKMU.

®i6po3Hi Ta M’S130Bi CTPYKTYpH, 110 3’€IHYIOTH CO-
coukoBi M’s13u 3 MIIII a6o BinbHOIO cTiHKoto JIII,
OPUCYTHI MPAKTUYHO Y BCiX MALi€HTIB 3 OOCTPYKTUB-
Hoto 'KMIIT i oomexytoTs pyxiausictb [IM. Taxki cTpyk-
TypH, 110 iTeHTU(DIKYIOThCS JUILIE i Jac ornepallii, 0y-
JIV TIPUCYTHIMM Ta CUCTEMAaTUIHO PO3CiueHi Y KOKHOTO
3 IOCJIiI)KyBaHUX MaLliEHTIB 3 METOIO MOKPALLEHHS PyX-
JuBocTi [IM (mo6inizanis IIM). AHoMaibHI XopaaJibHi
CTPYKTYpHU (MATOJOTiYHi BTOPUHHI XOpau) abo ¢hidpo3Hi
TSDKiI MiX mepenHboto ctyakoro MK ta IIM 3ycrtpiva-
10Thes y OunbliocTi xBopux 3 'KMII. JIaHi cTpykTypu
PYTUHHO THIJISITaINd pe3eKllil, 110 30iJbIIyBaao TIOILY
Koarnrauii ctyJsok MK i 3amo6irano ¢gpeHoMeHYy cuc-
TOJIIYHOrO IATATYBaHHS TepenaHboi cTtyaku MK mo
MIUIT y nmicagonepauiiHoMy mnepioai. Y BUITamkax
JiacTasy Mix MiCLSIMU KPiTlJICHHS TIEPBUHHUX XOP/, 10
kpaw ctyaku MK Oinpire 5 MM, JaHa 30Ha migisiraia
TUTiKaii.

dakTUyHU 00CAT XipypriyHoi pe3eKlil CTaHOBMB
(61 £ 11) mm®. TocrtiTasibHa cMepPTHICTE cTaHOBMIAA 1,6 %,
Yy KOIHOTO TalliEHTa He OyJIo BUSIBICHO SITPOTEHHOTO
Je(eKTY MiXKIILTYHOYKOBOI MEPETUHKMU.

IMopganbury micasgonepaliiiHy KJiHiUHY Ta €XOKapaior-
padiyHy OLIIHKY CTaHy MalliEHTIB BUKOHYBAJIX Ha 0a3i Ha-
moro iHcTUTYyTY. [TOBTOpHUIA OIS MPOBOAWIM 4yepe3 3
Mmicsi, 1 Ta 3 poku micsst onepaTuBHOTO BTpydaHHs. [1po-
Bommi oiHKy mokasHnka CI'T na BTJILL mo i mricis one-
paTMBHOTO BTpPYYaHHS. 3TiIHO 3 OTPUMAHUMU JaHUMMU,
CI'T 3nu3uBcd 3 (92,8 £ 30,7) mM pr. cT. (miamazoH 50—235
MM pT. CT.) miepen omnepaiieto a0 (19,3 £ 8,7) MM pT. CT.
micis jaikyBaHHs (p < 0,001). 17 manienTis (7,8 %) manu
sanuimkosuit (> 30 MM pt. c1.) CI'T na BTJII y ciokoi
abo Mpu A030BaHOMY (Di3MYHOMY HaBaHTaxXeHHi. 3 217
XBOpUX, JaHi skux BuBdanucs, y 40 (18,4 %) 6yB 3anuii-
koBuit CI'T > 25 MM pt. ct. JlaHi npo pyHKIIIOHATBHII
kiac 3a NYHA 1o Ta micis omnepailii OLIiHIOBaJIN y KOX-
HOTo 3 JOoCHimkyBaHUX mauieHTiB. 3 217 xBopux, 90
(41,5 %) 3 sxux 6ynu B hyHKIioHANBHOMY Kitaci [TI-1V
NYHA nepen onepauieto, 151 (69,1 %) nepeitnuim y
¢ynkuioHaapHuii knac I—II mpu ocraHHii ouliHIi
(p < 0,001). Kpim TOro, mpoBeAeHO OLIiHKY cTyreHss MP
3a JOMOMOTIOI0 exoKapaiorpa@iyHoro o0CTeKeHHs y Ta-
LIIEHTIB J10 i IiCJIs1 OIEPaTUBHOTO BTPYYaHHSI Ta PO3MOIi-

myectomy was performed with a single-piece tech-
nique, following a preoperative CT planning. In
patients in whom a muscle resection in the distal
portion of the posterior septum had been planned
at CT, the septal excision was extended to this area
and completed again with a whole «piece», with
the same surgical technique used for the anterior
septum.

Fibrous and muscular structures connecting the
papillary muscles with the IVS or the free wall of
the left ventricle are present in almost all patients
with obstructive HCM and limit the mobility of
papillary muscles (PM). Such structures, which are
identified only during surgery, were present and
systematically excised in each of the studied
patients in order to improve the mobility of PM
(mobilization of PM). Abnormal chordal struc-
tures (pathological secondary chords) or fibrous
bands between the anterior leaflet of the MV and
PM are found in most patients with HCM. These
structures were routinely resected, which increased
the area of coaptation of the MV leaflets and pre-
vented the phenomenon of systolic pulling to the
IVS in the postoperative period. In cases of diastase
between the sites of attachment of the primary
chords to the edge of the leaflet MV more than 5
mm, this area was subject to application.

The actual volume of surgical resection was
(61 £ 11) mm®. Hospital mortality was 1.6 %, no
patient had an iatrogenic VSD.

Further postoperative clinical and echocardio-
graphic assessment of patients was performed on
the basis of our institute. Re-examination was
performed 3 months, 1 and 3 years after surgery.
The LV outflow gradient before and after surgery
was evaluated. According to the data obtained, LV
outflow gradient decreased from (92.8 = 30.7)
mm Hg (range 50—235 mm Hg) before surgery to
(19.3 £ 8.7) mm Hg after treatment (p < 0.001).
17 patients (7.8 %) had residual (> 30 mm Hg) LV
outflow gradient at rest or during dosed exercise. Of
the 217 studied patients, 40 (18.4 %) had residual
LV outflow gradient > 25 mm Hg. NYHA function-
al class data before and after surgery were evaluated
in each of the studied patients. Of the 217 patients,
90 (41.5 %) of whom were in functional class
III-IV NYHA before surgery, 151 (69.1 %) swit-
ched to functional class I-II at the last assessment
(p <0.001). In addition, the degree of MV regurgi-
tation was assessed by echocardiographic examina-
tion in patients before and after surgery and distrib-
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JieHo 3a mKaoto Bix 0 o 4 (0 — MP BincytHs, 1 — Hes-
HayHa MP, 2 — nomipHa MP, 3 — nomipHo BupaxkeHa MP,
4 — Bupaxena MP). 3a pesynpratammu exokapmiorpadii
TiCJIS OTIepaTUBHOTO BTPYyYaHHS, MALiEHTIB i3 3-M Ta 4-M
cryneHsimu MP BusiBnieHo He Oyno. Y 23 malli€HTiB
(10,6 %) cnocrepiraBcs 2-it (momipHuUii cryminb) MP,
TOJIi SIK 10 OIepalLlii KiIbKiCTb TUX, 1110 MaJIi ITOMipHY a00
BupaxeHy MP ckmanana 178 (82 %) 3 217 mochimkysa-
Hux (p <0,001).

PesynbraTi HaIoro AOCIiAXKEHHS MOKa3yIl0Th, 1110 py-
TuHHa nepegonepauiitHna KT-pekoHcTpykuis MILII ta
ouinka mopgosorii JILI MatoTh HOBY Ta BaxKJIUBY POJIb Y
IUIaHYBaHHI 00Csry pe3eKlii Miokapaa MpU CenTalbHil
Mi€KTOMil y Mali€HTIiB 3 OOCTPYKTUBHOIO (HOpMOI0
I'KMII. Lleit meTon O03BOJMB HaM CHPOTHO3YBaTU Ta
3MiACHUTY CTAaHAAPTU30BaHY i PO3IIMPEHY B amiKaJlbHO-
MY HaIpsMKy CeNTaJbHy pE3eKIilo, 110 PiBHOMipHO
3MEHIINIA TOBIIMHY ITIePEeTrOPOIKH.

VY OuIbIIOCTI MALIiEHTIB 3 HAILIOTO JOCIIIKEHHS, CEIl-
TaJIbHa TinepTpodis TaKOX 3aTydyaa CepeaHIo/IUCTalbHy
YaCTUHY HIDKHBOI TIEPETUHKU, TOOTO IUISTHKY, OJIM3bKY 1O
MiCIIsT KOHTaKTy HIZKHBOI IIEPETUHKM 3 TIPaBUM IILTYHOY-
KoM. Y nux nauieHtiB KT-miaHyBaHHSI MieKTOMil 103BO-
JIMJIO HAM PO3IIMPUTHU CENTAIbHY PE3eKIIito 10 TUCTATBHOL
HWXKHBOI MePETUHKMU, PIBHOMIPHO 3MEHIIYIOYN TOBLIMHY
TIEPETOPOIKHU A0 PiBHS a60 HIKYE €KBAaTOPa IUTyHOUKA.

VYV nonepenHix pocaimxeHHs1X, MPT-pekoHCTpyKLIist
cenTajabHOi MOopcoJIorii IoKasaia, 110 CeNnTalbHa rinepr-
podist y marieHTiB 3 00cTpykTHBHOIO (popmoro I'KMIT
4acTO Ma€ CHipajJbHUI PO3MOMi i3 TPOrpecyrounM 3MEH-
LLIEHHSIM TOBLIMHMU TepeIHbOI NePETUHKU Ta 301bIICH-
HSM TOBIIWHMU 3aQHbOI TTEPETUHKM Bill aOPTU IO BEPXiB-
ku [14, 15]. dilicHO, y Tpyny MaLi€HTiB 3 HAILIOTO JOCTi/I-
JKEHHS, Y SIKMX M’130B€ BUCiU€HHSI TTOLIMPIOBAIOCs Ha di-
JISIHKY HUXKHBO1 IEPEropoJKu, OJIM3bKY 10 MiClsl KOHTaK-
Ty 3 MPaBMM ILLIYHOUYKOM, BHUCIYEHUI CEeNTaJIbHUM Mio-
Kapa MaB TEHAEHIIiI0 A0 CHipaJibHOI (DOPMHU, IO BiATBO-
proBaja mnepenornepauiiHuii, CIIpOrHO30BaHUI 3a J0MO-
Mororto KT, criipanpanic matepH rineptpodii. Lle cBiqunTh
Mpo Te, 110 PO3IIMPEHa B aliKaJlbHOMY HaIpsSIMKY MieK-
TOMIisI PiIBHOMipHO CJTiyBaja 3a rinepTpogoBaHOIO YaCcTH-
HOIO TIEPETOPOIKM, CTBOPIOIOUM IUIABHE Ta ITOCTYIIOBE
30ibIIeHHS 00’ eMy oposxkarHM JITII.

B ocraHHi poku, BUCOKA MPOCTOPOBA PO3diJibHA 3aT-
HicTh KT cepis no3BoJisie ineHTU(]iKyBaTU BY3bKi iHBa-
riHaiii B KOMINakTHOMY MioKap/i, siki OyJiM BU3HA4YEeHi
SIK «KPUIITW», i SIKi € YHiKaAbHOIO MOP(OJOTIYHOI 03-
Hakoro xBopux Ha [KMII, a Takox 4jieHiB ¢ciM’1, sIKi me-
PEHOCSATh MYTOBaHUIA T'€H, 110 BiIMOBiJa€ 3a PO3BUTOK
I'KMII 3a BincyTHocTi (hDeHOTUMOBOI eKCIpecii XBOPO-
ou [11].

uted on a scale from 0 to 4 (0 — mitral regurgitation
(MR) is absent, 1 — minor MR, 2 — moderate MR,
3 — moderate to severe MR, 4 — severe MR).
According to the results of echocardiography after
surgery, patients with grade 3 and 4 MR were not
detected. In 23 patients (10.6 %) there were 2
(moderate) MR, while before surgery the number
of those who had moderate or severe MR was 178
(82 %) of 217 subjects (p < 0.001).

The results of our study show that routine preop-
erative CT reconstruction of the IVS and assess-
ment of LV morphology has a new and important
role in planning the extent of myocardial resection
in septal myectomy in patients with obstructive
HCM. This method allowed us to predict and per-
form standardized and expanded in the apical
direction septal resection, which evenly reduced
the thickness of the septum.

In most patients in our study, septal hypertrophy
also involved the middle/distal portion of the pos-
terior septum, ie the area close to the point of con-
tact of the posterior septum with the right ventri-
cle. In these patients, CT-planning of myectomy
allowed us to extend septal resection to the distal
posterior septum, evenly reducing the thickness of
the septum to or below the equator of the ventricle.

In previous studies, MRI reconstruction of sep-
tal morphology has shown that septal hypertro-
phy in patients with obstructive HCM often has a
spiral distribution with a progressive decrease in
anterior septal thickness and an increase in poste-
rior septal thickness from aorta to the apex [14,
15]. Indeed, in the group of patients in our study
in whom the muscle excision extended to the area
of posterior septum close to the site of contact
with the right ventricle, the excised septal
myocardium tended to spiral shape, reproducing
the preoperative, CT-predicted spiral hyper-
trophic pattern. This indicates that the myectomy
extended in the apical direction evenly followed
the hypertrophied part of the septum, creating a
smooth and gradual increase in the volume of the
LV cavity.

In recent years, the high spatial resolution of car-
diac CT has identified narrow invaginations in the
compact myocardium, which have been identified
as «crypts» and which are a unique morphological
feature of patients with HCM, as well as family
members carrying the mutated gene responsible
for development of HCM in the absence of pheno-
typic expression of the disease [11].
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Takox npu niepenonepariiinomy KT-muanyBantiy 19,3 %
Mali€EHTIB 3 HAWIOro AOCHIIKEeHHsI Oyau BUSIBJICHI
MioKapJiajabHi KpUIITH, TIPU LIbOMY Y JEKiJIbKOX TALliEHTIB
Oy/IM HasIBHI MHOXWHHI cenTalibHi KpunTti. He3paxkaioun Ha
Te, 10 KJiHiYHEe i MPOrHOCTUYHE 3HAYEHHS KPUMT MioKapaa
11l HAJIEKUTh BU3HAYMUTHU, 1li BOTHUILA BUPAKEHOTO CTOH-
LLIEHHST MioKapAa, 3HaXOASYMCh y MEePEeTUHLIi, SIKILO He Oy-
JIyThb iIeHTU(IKOBaHi, MOXYTb IMiABUILIUTU PU3NK BUHUK-
HEHHS STPOTEHHOTO Ae(heKTY MIKIILTYHOUKOBOI MIEPEropo/I-
KU, TOLIKOIKEHHS MepeaHbOi a00 3aaHboi cTiHku JIII min
yac cenTajbHOI MieKToMii. ToMy BUSIBIEHHSI KpUIIT Bifirpa-
JIO BaXKJIMBY poJib Y HalioMmy Tiepenornepauirinomy KT-mia-
HyBaHHI, TO3BOJISIIOUM PETEJIbHO YHMKATU BUCIYEHHS CEIl-
TaJbHOIO MiOKapAy B AUISIHLI KPUIT, TAKUM YMHOM 3MEHIIIY-
04K HeOe3NeKy BUHUKHEHHSI ITporeHHoro aedexkty MIIT.

Bucoxopo3zaineHi KT-300paxkeHHST TaKOX J03BOJISIIOThH
ineHTU(dikyBaTu abOepaHTHi M’SI30Bi TIy4KH, SKi Y
nauieHTiB 3 'KMII yacto 3’e€aHyl0Th TinepTpodoBaHy
neperopokKy Ha 0a3ajlbHOMY piBHI LILTYHOYKA 3 JUCTaIb-
HUM BifaizioMm neperopoaku ado BibHOi cTinku JIL i mo-
XKYTb JOJATKOBO 3MEHIIYBAaTHM ME30BEHTPUKYISIPHUM
00’eM MOPOXHUHU LILUTyHOUKa abo 3mimtyBatu IIM none-
peny B 0ik BTJILL [12]. ITpokcuManbHa i nucTaibHa TOY-
KM NIPUKPITJIEHHS BEJIMKUX M’ SI30BUX ITYYKiB 0 IEepero-
ponku abo BuUTbHOI cTiHKU JII 4iTKO imeHTUdIKYIOThCS
npu KT cepug. i M’5130Bi Iy4yKuy 3a3BMYail BUXOISTH 3
neperopoaky B Tiit 00JiacTi, A€ TOBLUMHA II€PEropoOaKU
noyrHae 3MeHInyBatucs. Otxe, iHpopMalis mpo po3Ta-
LIIyBaHHSI TTy4KiB MOXE€ OOIMOMOITH Xipypry B MHpOCTO-
POBiii opieHTallil B MOPOXHMHI LIJIyHOUYKA i, BiAMOBIAHO,
penyKILii NepeTUHKMU.

BUCHOBKHA
Ilepenonepauilite raaHyBaHHSI CENMTAIbHOI MieKTOMII 3a 10-
nomoroto KT mo3Bosnsie oTpuMary iHopMaliito moao Mop-
¢ostorii JIiBOro IUIyHOYKA, MIKIITYHOUYKOBOI TEPETUHKU,
MiTpaJIBbHOTO KJIaraHa Ta IMiKJIallaHHOTO arfapary, i B KoMOi-
Hallil 3 TpaHCTOpaKaJIbHOIO eXoKapaiorpadi€eto Ta iHTpaorie-
pauiiiHoro TEE Hamae xipypry 3mory cchopMyBaTH OiTbII TOU-
HUI TUIAaH CTOCOBHO MICIIS i CTYTIEHSI CeNTaIbHOI Pe3eKIIii.
CucremMaTiyHe BIIPOBaIKEHHS Tiepeaonepariiitnoi KT-
PEKOHCTPYKILIil CENTaJIbHOI aHATOMIil i AeTajibHE TMJaHy-
BaHHSI pe3eKliil TeperopoaKu, J03BOJUIN HaM 3AiCHUTHU
CTaHIAapTU30BaHYy Ta allikKaJbHO PO3LIMPEHY Mi€KTOMIlO,
sKa B MOEAHAHHI 3 MoOimizauiero IIM i ceaeKTUBHUM
BUCiYeHHIM BTOpuHHUX Xxopa MK, naioTh 3mory 30i1b-
T 00’ em ropoxkuuHuM JILI Ta 3MeHIIUTHY TpamieHT Ha
BTJIII y koXHOro 3 HalllMX Malli€HTIB 3 AOCJiIKYBaHOI
Irpynu, a TaKOX CTAaTUCTUYHO 3HAUYIle 3HU3UTU CTYMiHb
MP y nepeBaxkHoi1 OibLIOCTI MalieHTiB. Takox, nepeao-
nepauiitHe KT-mnaHyBaHHSI 3amo0irio cenTalibHiid pe-

Also in preoperative CT planning, myocar-
dial crypts were detected in 19.3 % of
patients in our study, and several patients had
multiple septal crypts. Although the clinical
and prognostic value of myocardial crypts
remains to be determined, these foci of
severe myocardial thinning, if not identified,
may increase the risk of iatrogenic septal
defect, damage of the anterior or posterior
LV wall during septal myectomy. Therefore,
crypt detection has played an important role
in our preoperative CT-planning, allowing
careful avoidance of septal myocardial exci-
sion in the crypt area, thus reducing the risk
of iatrogenic VSD.

High-resolution CT images also identify aberrant
muscle bundles, which in patients with HCM often
connect the hypertrophied septum at the basal level
of the ventricle with the distal septum or free wall of
the left ventricle and can further reduce the
mesoventricular volume of the ventricular cavity or
to shift PM forward towards LVOT [12]. The prox-
imal and distal points of attachment of large mus-
cle bundles to the septum or free wall of the left
ventricle are clearly identified by CT of the heart.
These muscle bundles usually come out of the sep-
tum in the area where the thickness of the septum
begins to decrease. Therefore, information about
the location of the bundles can help the surgeon in
the spatial orientation in the ventricular cavity and,
accordingly, the reduction of the septum.

CONCLUSIONS

Preoperative septal myectomy with CT scans
provides information on the morphology of the
LV, IVS, MV and subvalvular apparatus, and in
combination with transthoracic echocardiogra-
phy and intraoperative TEE allows the surgeon to
form a more accurate plan for location and
degree of septal resection.

Systematic implementation of preoperative
CT reconstruction of septal anatomy and
detailed planning of resection of the septum,
allowed us to perform standardized and apically
extended myectomy, which in combination with
the mobilization of PM and selective excision of
secondary chords of the MV, allows to increase
the volume of the LV cavity and decrease LV
outflow gradient in each of our patients in the
study group, and statistically significantly
reduce the degree of MR in the vast majority of
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3eKIlii B AiJITHKAX BUPaXK€HOrO0 CTOHILEHHS MioKap-
Iy, 3yMOBJICHOTO KpUNTaMM, Ta OAHOMOMEHTHO J103-
BOJISUIO OTpUMATH iH(OpMAaIlil0 IIOAO0 IPOXiTHOCTI
KopoHapHux aprepiit. Lli pe3ynbratu cBimuyaTh mpo
HoBYy poib 1 KT, sika Moxe 3poOUTH pO3IIUPEHY
CeMNTaJibHy Mi€KTOMil0 OiJbll JOCTYITHOIO JJIsI
XipypriB i 3MEHIIUTU BipOTiAHICTH SITPOT€HHOTO
nomkomkeHHss MILTI, mepenHboi Ta 3aIHBOI CTIHOK
JILI mix yac kopekiiii ooctpykTtuBHOi ' KMIT.
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